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DESCRIPTION 

"TREATMENT OF ANIMAL HAIR FIBERS WITH MODIFIED PROTEASES" 
Field of the invention 

The cuticle layer of animal hair fibers presents a scaly structure 
when observed by microscopy. The felting or shrinkage of these fabrics is due to 
the overlapping of these scales that surround the cortex (inner part of the fiber), 
in wet processes with high mechanical agitation. The removal of the cuticle layer 
makes it possible to eliminate the tendency of the protein fibers of animal origin 
to shrink. One possibility of anti-felt treatment would be the application of 
proteolytic treatments for the removal of the cuticle layer. This kind of treatment 
has been extensively studied since the beginning of the 20 th century, but without 
great achievements. 

The reasons for this are primarily due to the following factors: 

- Hair fibers of animal origin have a very variable composition, which 
depends on origin, race, climate and animal feeding. This diversity of animal 
fibers induces various susceptibilities to proteolytic treatments. 

- More aggressive treatments to induce a uniform anti-felting behaviour in 
all the fibers consequently cause unacceptable loss of strength. 

- Recent studies indicate that the lack of reproducibility of the proteolytic 
treatments and the degradations caused by such treatments are due to the 
diffusion of the enzymes inside the animal fibers. 
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Background to the invention 



The most commonly used method to confer dimensional stability on 
articles made from animal hair fibers is the INS/CSIRO Chlorine/Hercosett, 
which comprises a strong acid chlorine treatment, followed by the application of 
a polymer resin. This process results in an increased degree of shrinking 
resistance, but has a number of drawbacks: poor feel, limited durability, 
difficulties in dyeing and, more importantly today, it generates environmentally 
damaging waste. 



Several authors have suggested methods to reduce the shrinkage of 
animal fibers, such as wool for instance, which do not result in the release of 
substances that are harmful to the environment. Among such processes, there are 
the enzymatic ones, as well as benign chemical processes such as low- 
temperature plasma treatments. Plasma treatment is a dry process, which involves 
treating wool fiber material with electric gas discharges (so-called plasma). At 
present, there are serious obstacles, such as costs, compatibility and capacity, to 
large-scale commercialisation of a plasma treatment process. 

Several enzymatic methods have been used in the treatment of 
wool. The patent JP-A 51099196 describes a process to treat wool fabrics with 
alkaline proteases. The patent JP-A 3213574 describes a method for the treatment 
of wool with transglutaminase or a solution having this enzyme. The patent 
US 6051033 describes a method of wool or wool fiber treatment with a 
proteolytic enzyme and tranglutaminase. WO 98/27264 describes a method to 
reduce the shrinking of wool that consists of bringing the fiber samples into 
contact with a solution of peroxidase or oxidase under adequate conditions for the 
enzymatic reaction with wool. The patent US 6099588 relates a method to 
improve shrink resistance that may result in improvements in feel, appearance 
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and felting, among others, by the application of proteolytic enzymes in an 
aqueous solution, after treatment with an alkaline solution containing alcohol. 
The patent US 5.529.928 refers to a process for obtaining wool with anti-felt 
finishing, a soft feel and with shrink resistance using an initial chemical oxidation 
followed by a treatment with protease and warming. The patent EP 134267 uses a 
similar process, treating the fiber with proteolytic enzymes in the presence of salt, 
after the initial oxidative treatment. The patent EP 3.58386 describes a method of 
wool treatment that consists of a proteolytic treatment and one of, or both, an 
oxidative treatment (such as NaOCl) and treatment with polymer. 

The necessity of establishing environmentally friendly (Eco- 
friendly) methods with better performances than the industrial processes currently 
used, creates a need for new processes that give a good shrink resistance, 
softness, appearance and anti-pilling behaviour. Therefore, a new methodology of 
enzymatic treatment of animal hair fibers is presented here. 

Summary of the invention 

This invention relates to a new enzymatic process of animal hair 
fiber treatment, in which the proteases are chemically modified in order to 
increase their molecular weight and therefore reduce their diffusion inside the 
fiber. The cuticle will be the only accessible part to the proteolytic attack, which 
allows for the improvement of one or more wool properties, including their 
felting and shrinking, without damaging the fiber's interior. 

The methodologies used to increase the molecular weight of the 
enzymes are based on the utilisation of a soluble polymer with hydroxyl groups 
activated with y-aminopropyltrietoxysilane and/or glutaraldehyde. The 
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glutaraldehyde may subsequently bind to another polymer chain, forming a 
polymeric net, or to an available protein NH 2 group. 

Detailed Description and Examples 

The method consists of the treatment of the proteic material with a 
solution of modified proteolytic enzymes. Commercially available proteases from 
Sigma {Subtilisin kind) were used. 

Immobilisation was performed on a soluble polymer, polyvinyl 
alcohol (Sigma), of average molecular weight 70000-100000, using 
glutaraldehyde (Aldrich), y-aminopropyltrietoxysilane and/or borax (Sigma) and 
polyethylenglycol (Sigma) of 10000 of average molecular weight. 

The polymer at 6% (w/v) solution in distilled water was dissolved 
with warming and stirring, activated, and was then added to a 2% (v/v) 
glutaraldehyde solution. This solution was kept under stirring at room 
temperature, for 2 hours. After this time, the solution was dialysed in 0.1 M pH 
5.0 acetate buffer for 24 hours and then in 0.05 M pH 3.95 acetate buffer for 20 
hours. 

The enzymatic preparation in the desired concentration was added 
to the resulting solution, together with PEG (1.25%) and borax (0.05 ng/mL) in 
0.1 M pH 5.0 acetate buffer, and kept under stirring for 8 hours at room 
temperature. This solution was kept at 4°C until use. The immobilisation 
procedure did not cause any significant loss in activity. 
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Example 1: 

Treatment of pure wool fabric with proteases: 

Samples of pure merino wool fabric (like animal hair fiber) of 
about 12 cm x 12 cm (of about 3 grams each) were placed in a recipient 
containing a solution of proteases being chemically modified or not, in a relation 
of 1/20 (w/v). The treatment was performed at 37°C, for periods of time ranging 
from 4 to 48 hours. The samples were removed from the solution, washed and 
air-dried. They were then subjected to tests to evaluate possible damage caused 
during the treatment. 

To evaluate the quality of the fabric and the degree of damage 
caused in the wool treatment process, a qualitative test based on Gamer (Garner 
W., Textile Laboratory Manual, vol. 5 - Fibres, 3 rd Edition, 1967) was used. It 
was verified that the modified proteases did not induce fiber degradation when 
compared with free proteases. The control treatment itself (010 mM pH 7.5 
acetate buffer) presents a level of degradation higher than that presented by the 
fibers treated with modified enzymes. 

The tendency of the fabrics to shrink was verified by washing the 
fabrics (11x6 cm) three times in distilled water containing 50 \iL of a wetting 
agent for 60 minutes, at 50°C and 20 rpm, and the shrinkage was measured by the 
variation of the specimen dimensions. It was verified that only the enzymatically 
treated fabrics did not induce a significant shrinkage. 

A panel of 5 experts evaluated the feel and appearance of the wool 
fabric and verifyied an increase in the properties of the protease treated fabrics 
compared to the control fabric. 
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Example 2: 



Treatment of pure w ool yarns with proteases- 



Similar studies were conducted in yarns of merino wool using the 
following parameters: samples of pure wool yarn were placed in a recipient 
containing a solution of proteases being chemically modified or not, in a ratio of 
1/20 (w/v). The treatment was conducted at 37°C, for periods of time ranging 
from 4 to 48 hours. The samples were removed from the solution, washed and 
air-dried. They were then subjected to tests to evaluate possible damage caused 
during treatment. 

To evaluate the yarn quality and the degree of damage caused in the 
treatment process of this fiber, a qualitative test based on Garner (Garner W., 
Textile Laboratory Manual, vol. 5 - Fibres, 3 rd Edition, 1967) was used. It was 
verified that the modified protease treatment does not induce degradation when 
compared with free protease treatment. The control treatment (10 mM pH 7.5 
acetate buffer) presented a level of degradation higher than that presented by the 
fibers treated with the modified enzymes. Tensile strength tests were performed 
on wool yarns, and it was verified that only the yams treated with free proteases 
induced a significant loss of strength. 

The tendency to shrink was verified by washing the wool yarns 
three times in distilled water having 50 uL of a wetting agent for 60 minutes, at 
50°C and 20 rpm, and shrinkage was quantified by the visual verification of yarn 
felting. It was verified that only the enzymatically treated yarns did not induce 
felting. 



A panel of 5 experts evaluated the appearance of the yarns and 
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verified a better appearance of the yarns treated with proteases, compared to the 
control yarns. 
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CLAIMS 

1. A method of treating fibers of animal origin (wool from 
sheep, cashmere, rabbit, mohair, llama, goat, camel, among others), characterised 
in that it consists of bringing the fiber into contact with a solution of modified 
proteases, bonded or not to other substances, in order to increase its molecular 
weight and reduce its diffusion inside the fiber. It is intended that the cuticle of 
the fiber be the only accessible part to the protease attack, thus allowing an 
increase in the resistance to shrinkage and anti-felt finishing, in comparison with 
untreated material. 

2. The method according to claim I, characterised in that it 
consists of the treatment of the fibers simultaneously with a proteolytic enzyme 
and transglutaminase or a proteolytic enzyme and glutaraldehyde. 

3. The method according to claim 1, characterised in that the 
proteolytic enzyme is of bacterial origin. 

4. The method according to claim 1, characterised in that the 
proteolytic enzyme is a serine protease. 



5. The method according to claims 1 and 4, characterised 
that the serine protease is a Subtilisin Carslberg. 



m 



6. The method according to claim 1, characterised in that the 
amount of protease used per Kg of wool, fiber or hair is in the range of 1 to 1000 
g- 
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7. The method according to claim 1, characterised in thta the 
transglutaminase is derived from Streptovert icillium sp. 

8. The method according to claim 1, characterised in that a 
treatment bath with recoverable and reusable protease solution is used, thus 
reducing the costs of the treatment and the production of effluents, with 
concomitant savings in water consumption. 

9. The method according to claim 1, characterised in that 
soluble polymers in aqueous solutions, such as polyvinyl alcohol (and/or 
polymers with hydroxyl groups), are used as supports in the chemical 
modification of proteases, without restrictions. 
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